u-A three-quarter prone position for the lateral extracavitary operative approach to the thoracic and lumbar spine is described. This approach has been used in 40 patients with anterior spinal cord compressive lesions in the thoracic and/or lumbar region. In this patient population, it has allowed a safe ventral decompression of the spinal cord. It also allows placement of spinal instrumentation through the same incision. Both the operating surgeon and the assistant have an excellent view of the operative site, including the dural sac. Patient positioning and the operative approach are described and illustrated.
S
PINAL cord decompression surgery has undergone many transformations in the last three decades. 6,~2'3 In the 1950's, laminectomy was the most common surgical approach in the thoracic and lumbar region; however, it was shown to offer poor neurological results and a high morbidity for patients with ventral compressive lesions.t~ Laminectomy thus fell into disfavor. Several approaches for the ventral decompression of the dural sac for thoracic and lumbar lesions were, therefore, developed. 4,v-9. '~,~4 These ventral approaches were noted to be more difficult than posterior procedures. The reward with regard to neurological outcome, however, warrants their use. 2 The lateral extracavitary approach to the thoracic and lumbar spine, which was introduced by Capener 5 and popularized by Larson, et al., ~~ offers the advantage of allowing the surgeon to simultaneously decompress the ventral spinal cord and to place instrumentation devices dorsally. It also permits the performance of these two procedures through the same incision, under the same anesthesia, and in the appropriate sequence. 3 The lateral extracavitary approach is more formidable than true anterior or anterolateral operations. In addition, problems such as blood loss and the inability of two or more surgeons to simultaneously visualize the important intraoperative anatomy are often encountered. In order to rectify some of these problems, the three-quarter prone position of the patient,~ cornbined with the lateral extracavitary operative approach to the thoracic and lumbar spine, has been utilized at Louisiana State University Medical Center in Shreveport. The operative technique is described and case material reviewed.
Operative Procedure
Anesthesia is induced and the patient is intubated and prepared for surgery while on his or her bed in the supine position. After all lines and tubes are secured, the patient is slid to the edge of the bed and rolled to the lateral decubitus position on the operating table. Four or five assistants help to move the patient, which minimizes the chance for inadvertent spinal manipulation that might cause neural injury. A generous axillary roll is placed with the "down arm" extended laterally in a position 10 ~ above the perpendicular axis of the patient's body. The patient is then rolled further into a three-quarter prone position and secured in this position with 3-in. adhesive tape and rolls formed from sheets or blankets (Fig. 1) . The patient's abdomen is freed of all compression. The upper arm may be placed on a well-padded Mayo stand or on a pillow. The operative table can be tilted from side to side in order to facilitate the view of the operative site by both the operating surgeon and the assistant.
X-ray localization of the pathological spinal level can be performed, if indicated. Usually, a "hockey stick"- shaped incision is made (Fig. 2) , centered over the pathological spinal level. The handle of the "hockey stick" is located along the patient's midline, and the lower end of the incision is extended laterally. Ischemic injury to the skin flap may be encountered if a less obtuse angle than that shown in Fig. 2 is used. The lower part of the incision is extended laterally to about 8 to l0 cm from the midline. A skin flap is then raised. The plane of this dissection is just above the thoracodorsal fascia. Retraction with self-retaining retractors allows excellent exposure of the operative field. The thoracodorsal fascia is then incised in the shape of a T. Retraction of the fascia exposes the underlying erector spinae muscles (Fig. 3 upper) . Dissection proceeds from lateral to medial underneath the erector spinae muscles; separating them from the underlying quadratus lumborum muscle in the lumbar region and the ribs and intercostal muscles in the thoracic region (Fig. 3 
lower).
Exposure is maintained with self-retaining retractors.
In the upper thoracic region, the presence of the trapezius, rhomboid, and latissimus dorsi muscles complicates the exposure. A muscle-splitting incision through these muscles must be used when they interfere with the exposure. In addition, when the erector spinae muscles are excessively bulky, exposure around them may be very difficult; it is necessary, in such patients, to split the erector spinae muscles longitudinally in order to gain access to the underlying surgical plane.
In the thoracic region, the medial 6 to l0 cm of the one to three ribs allowing access to the pathological level are dissected free from the surrounding soft tissues (including the neurovascular bundle) in a subperiosteal manner. A Doyne rib dissector is helpful for this subperiosteal dissection. A rib cutter is used to cut the ribs laterally. Medially, the costotransverse and the costovertebral joints are disarticulated. After further dissection to free the parietal pleura from the rib and the vertebral body, the rib is worked free and removed from the operative site (Fig. 3 lower) . Care is taken to FlG. 4. Stages in the operative procedure, lateral view (left) and axial view (right) in each illustration. A: After removal of the transverse process and pedicle at the pathological level, the lateral aspect of the dural sac is exposed. B: A high-speed burr is used to create a trough below the offending mass. The remaining shelf should be thin in order to facilitate the subsequent decompression. C: A reversed-angle curette is used to push the thinned shelf of the offending mass away from the dural sac. D: Slots have been made in the adjacent vertebral bodies and two rib grafts have been securely placed with the aid of an impactor and hammer. prevent injury to the intercostal nerves and the pleura. The rib is saved for subsequent vertebral interbody and/ or posterior bone grafting. This dissection, including rib removal, allows access to the lateral aspect of the vertebral body and pedicle. Three to four vertebral levels can be reached by removing only two ribs.
In the lumbar region, the transverse processes are exposed by medial dissection between the erector spinae muscles and the quadratus lumborum muscle. The appropriate transverse processes are sharply freed from the surrounding soft tissues. A subperiosteal dissection is then performed along the underside of the transverse process and the lateral aspect of the pedicle to the level of the vertebral body. The exiting nerve roots are located within the quadratus lumborum muscle; projecting at a slight angle (only 10 ~ to 15 ~ from midline. In the thoracic region, the intercostal nerves are sacrificed to facilitate exposure. The segmental nerves cannot be sacrificed in the lumbar region. This factor, as well as the presence of large paraspinous muscles and vertebrae and the normal lumbar lordosis, may significantly complicate exposure of the pathological anatomy in this region.
In the thoracic region, the nerve roots are incised distally and tagged with a suture. Following completion of the fusion and prior to closure, these nerve roots should be tied and incised proximal to the dorsal root ganglia. This eliminates symptomatic neuroma formation.
The nerve roots may now be followed medially to their respective neuroforamina. The pedicle of the pathological vertebral body is then removed with a rongeur following dissection of the nerve roots to the medial aspect of the pedicle. Pedicle removal exposes the lateral aspect of the dural sac. Compression of the dural sac by the offending vertebral mass may then be viewed (Fig. 4A) .
The affected intervertebral discs are removed and the offending aspects of the vertebral body may then be removed by using a high-speed burr or other appropriate techniques. In the case of a vertebral-body fracture with retropulsed bone and/or disc fragments, the burr may be used to create a trough below the offending mass (Fig. 4B) . This trough may extend from just above the upper disc to just below the lower disc. Reversedangle curettes may then be used to push the thinned offending mass into the trough (Fig. 4C ). The offending mass is then removed in a piecemeal fashion; thus freeing the dural sac from the compressive mass. Slots are made in the vertebral bodies for the placement of bone grafts. Hemostasis is completed and the self-retaining retractors are removed.
A midline subperiosteal exposure is performed along the spinous processes and laminae over the appropriate level for placement of dorsal instrumentation for stabilization (if indicated). Freedom of movement at the level of the involved disc interspaces, which is gained by partial vertebrectomy and disc interspace evacuation, allows an optimal spine reduction by whatever instrumentation technique is used. Following reduction and instrumentation, the spine should be fixed in its desired position. This allows the bone graft to be safely placed without fear of excessive compression or loosening of the graft.
Following placement of the dorsal instrumentation devices, the original operative site is reexposed. 3 An appropriately fashioned rib or iliac crest graft is positioned with an impactor and hammer (Fig. 4D) . The iliac crest can be exposed through the lower lateral aspect of the operative field in lumbar and low thoracic approaches in order to harvest tricortical iliac bone. In the thoracic or the thoracolumbar region, two or three appropriately fashioned rib segments may be used. The proximal aspect of the rib offers a more substantial strut. This strut, however, has a greater curvature than a more laterally located rib segment. If iliac crest is used, a substantial tricortical segment should be obtained. Rib offers much less medullary bone than does iliac crest and may therefore cut into the vertebral bodies during weight-beating; however, it offers better immediate strength characteristics and may be applicable more frequently in younger patients with structurally sound vertebral bodies above and below the fractured level. Cortical bone offers immediate strength, while the medullary component offers a greater potential for early bone union.
After establishment of hemostasis, the wound is closed in multiple layers with specific attention paid to the fascial closure. A tube thoracostomy is placed only if a large pleural tear or bronchopleural fistula is encountered or created during the operation. Intraoperative and/or postoperative x-ray films are used to confirm the desired anatomical arrangement.
Operative Results
The preoperative and operative data in this series of patients are summarized in Table 1 . Of the 40 patients undergoing this procedure, only one (Case 30) incurred a complication relating to positioning: a brachial plexus palsy was noted postoperatively in this patient, who was a body-builder with excessive muscle bulk. He had incurred a T-4 vertebral body fracture and a high-grade incomplete myelopathy. The degree of difficulty of the procedure was compounded, in this case, by the patient's tremendous muscle bulk and by the high thoracic location of the fracture. Postoperatively, following a lateral extracavitary approach to a T-4 spinal cord decompression and the placement of modified Weiss springs with the patient in the three-quarter prone position, his down-arm was noted to be congested, edematous, and paretic. No aberrations of blood pressure, which was monitored via an arterial line placed in this arm, were noted during surgery. The brachial plexus injury consisted of a moderate lower plexus palsy with hand weakness. Over the ensuing 3 months, the palsy resolved and the patient was left without significant hand weakness. His myelopathy improved to a nearly normal level of function.
Discussion
In the thoracic and lumbar regions, an anterior or anterolateral approach to spinal cord decompression allows for direct neural element exposure, thus offering an unobstructed view of the dural sac and vertebral E. C. Benzel bodies. With these approaches, however, placement of dorsal spinal instrumentation devices cannot be performed through the same incision, and requires repositioning of the patient. Alternatively, ventral spinal instrumentation techniques may be employed with the anterior or anterolateral approaches; however, associated soft-tissue complications and potential lack of efficacy are significant drawbacks. The anterior and anterolateral approaches, in addition, are associated with diaphragm and abdominal and thoracic visceral manipulation and trauma.
There are several drawbacks of the lateral extracavitary approach to thoracic and lumbar ventral pathology, however. The degree of difficulty of the operation requires experience, expertise, and a working knowledge of retroperitoneal surgical anatomy. It also requires a moderate amount of endurance: the operative proce- dure, including the placement of instrumentation devices, may last from 4 to 8 hours. Blood loss and the angle of exposure can also cause problems. The extent to which these two factors affect the surgical procedure (and, hence, the outcome) is positively influenced by the three-quarter prone positioning of the patient. Blood loss from the venous epidural plexus may be excessive, but is substantially reduced by the complete freedom of abdominal compression offered by the three-quarter prone positioning of the patient. Blood loss is further reduced by the acquisition of an excellent field of view by both the operating surgeon and the assistant.
The inability to perform a true anteroposterior and/ or lateral intraoperative spinal x-ray study with the patient in the three-quarter prone position can occasionally be a problem. In some cases with pathology (such as fractured ribs and pathological vertebral body anatomy) in the midthoracic region, there have been insufficient landmarks.
The single complication of patient positioning described in Case 30 is illustrative of the difficulty encountered with spinal cord decompressive surgery, especially in the high thoracic region. Surgical exposure of high thoracic vertebral body lesions is complicated by the confines of the narrow rib cage in this region, the upper thoracic dorsal musculature (including the trapezius and rhomboid muscles), and the difficulties associated with placement of high thoracic dorsal spinal instrumentation devices. Upper thoracic anterior or anterolateral approaches present even more formidable problems, however. Although a more than adequate axillary roll was used and an arterial line was placed in the down-arm in Case 30, a transient brachial plexus palsy was observed postoperatively. The use of the twomattress approach recommended by Ausman, et al.,' for the three-quarter prone position may help to alleviate this problem. In addition, inappropriate patient positioning (toward a more prone position) in muscular patients should be avoided. Frequent monitoring of the down-arm for arterial pulse (with an arterial pressure monitor), for venous congestion and edema, and for adequacy of the patient's positioning intraoperatively should minimize the occurrence of this complication.
In summary, the lateral extracavitary surgical approach to the thoracic and lumbar spine is a rational method for treating problems of spinal stability and ventral neural-element compression) The performance of this operation is greatly facilitated when the patient is placed in the three-quarter prone position. This position can be used with minimal complications if applied appropriately in carefully selected patients. The infrequently encountered difficulties with intraoperative x-ray localization are greatly outweighed by the advantages of decreased blood loss and a direct field of vision for both the primary surgeon and the assistant. These factors obviously facilitate both the safety and the efficacy of the operation.
